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SILICON CARBIDE N-CHANNEL POWER 
LMOSFET 

RELATED APPLICATIONS 

Commonly-assigned, US. patent application Ser. No. 
09/469,454, entitled “Self-Aligned Silicon Carbide 
LMOSFET”, ?led on Dec. 21, 1999, now US. Pat. No. 
6,323,506. 

Commonly-assigned, US. patent application Ser. No. 
09/469,451, entitled “Silicon Carbide LMOSFET With Gate 
Reach-through Protection”, ?led on Dec. 21, 1999, now US. 
Pat. No. 6,355,944. 

FIELD OF THE INVENTION 

This invention relates to lateral metal-oxide 
semiconductor ?eld effect transistors (LMOSFETs) used in 
high-poWer applications such as UHF transmission Which 
are especially suited for silicon carbide (SiC) technology. In 
particular, the invention relates to an n-channel SiC poWer 
LMOSFET built on a highly-doped n-type SiC substrate, 
Wherein a highly-doped n-type sinker provides a grounding 
path to the highly-doped n-type substrate, a highly-doped 
p-type buffer layer is provided to ensure against parasitic 
NPN transistor losses, and a lightly-doped p-type epitaXial 
layer provides a channel region for the device. 

BACKGROUND OF THE INVENTION 

In recent years, the use of silicon lateral double-diffused 
metal-oxide-semiconductor ?eld effect transistors (Si 
LDMOSFETs) in high-poWer applications such as cellular 
and UHF broadcast transmission has increased enormously. 
This is because Si LDMOSFETs offer higher gain and better 
linearity than bipolar devices. 

It is desirable to fabricate these poWer Si LDMOSFETs 
With n-channel structures and grounded substrates to reduce 
parasitic effects. As shoWn in FIG. 1, this is typically 
achieved by fabricating a poWer Si LDMOSFET 10 With a 
highly doped p-type substrate 12 and a highly doped p-type 
diffusion or sinker 14 Which grounds the substrate 12 in 
order to desirably reduce parasitic effects. 

Silicon carbide (SiC) is an attractive semiconductor mate 
rial for high frequency and high poWer applications. The 
properties Which make SiC attractive for high poWer UHF 
applications are its large critical electric ?eld (10 times that 
of Si) and its large electron saturation velocity (2 times that 
of Si). The large critical electric ?eld helps increase the 
breakdoWn voltage of the device and the large saturation 
velocity helps increase the peak current. 

Theoretically, it should be possible to achieve poWer 
densities Which are 20 times higher than that of Si LDMOS 
FETs With comparable feature siZes in SiC LDMOSFETs. 
The operating frequency and gain should be similar for both 
Si and SiC devices With comparable gate lengths. Hence, it 
Would be desirable to fabricate the LDMOSFET structure 
shoWn in FIG. 1 in SiC instead of Si. 

Unfortunately, there are many practical dif?culties in 
achieving such an n-channel LDMOSFET structure in SiC. 
It is not possible to diffuse the dopants in SiC thus only high 
energy ion implantation can be used to fabricate deep p-type 
sinkers. HoWever, these p-type implanted SiC layers have 
very high resistivities. The loWest reported sheet resistance 
to date for implanted p-type layers is about 10 kQ/sq (all 
sheet resistance data discussed herein is at 20° C.) This data 
suggests that it Will not be possible to form loW resistivity 
highly doped p-type sinkers in SiC. 
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2 
Another dif?culty in achieving the MOSFET structure 

shoWn in FIG. 1 in SiC relates to the very high resistivities 
of SiC p-type substrates. The resistivity of p-type SiC 
substrates is only about 5 Q/sq. In comparison, p-type Si 
substrates used in Si LDMOSFETs have resistivities as loW 
as about 0.014 Q/sq. 

Still another dif?culty in achieving the FIG. 1 MOSFET 
structure in SiC concerns the formation of the channel of the 
device. In Si n-channel LDMOSFETs, the channel is formed 
via an inversion region 18, in an implanted p-type layer 16 
(P base) as shoWn in FIG. 1. This may not be practical to do 
in SiC devices because the inversion region formed in the 
implanted surface of a SiC p-type epilayer results in very 
loW inversion layer mobility (less than about 1 cm2/Vs). 
Inversion layer mobilities higher than about 100 cm2/Vs 
have only been achieved on epitaXial p-type SiC layers as 
reported by Alok et al., “Process Dependence of Inversion 
Layer Mobility in 4H—SiC Devices”, at the International 
Conference on Silicon Carbide and Related Materials in 
Raleigh, (NC) in October 1999. 
One possible solution to the substrate grounding problem 

in n-channel SiC MOSFET devices is to use a p-channel 
structure in the device With an n-type SiC substrate. The 
resistivity of n-type SiC substrates and implanted layers is 
about 2 orders-of-magnitudes loWer than that of p-type in 
SiC. The loWest sheet resistance of implanted n-type SiC 
layers is about 200 Q/sq and the loWest sheet resistance of 
n-type SiC substrate is about 0.02 Q/sq. HoWever, p-channel 
SiC MOSFETs are affected by hole mobilities Which are tWo 
orders-of-magnitude loWer than electron mobilities. 

Therefore, an n-channel SiC poWer lateral MOSFET 
structure is needed Which overcomes the above problems. 

SUMMARY OF THE INVENTION 

A lateral metal-oxide-semiconductor ?eld effect transistor 
(LMOSFET) comprising a layer of silicon carbide semicon 
ductor material having a p-type conductivity, source and 
drain regions having n-type conductivities disposed in the 
silicon carbide semiconductor layer, and an insulated gate 
electrode disposed on the silicon carbide semiconductor 
layer. A silicon carbide semiconductor substrate having an 
n-type conductivity, supports the p-type conductivity silicon 
carbide semiconductor layer. 
One aspect of the invention involves providing a sinker 

region having an n-type conductivity, in the silicon carbide 
p-type semiconductor layer. The sinker region eXtends from 
the source contact to the silicon carbide semiconductor 
substrate to ground the substrate. 

Another aspect of the invention involves providing a 
second layer of silicon carbide semiconductor material hav 
ing a p-type conductivity, betWeen the substrate and the ?rst 
silicon carbide semiconductor layer. The second layer of 
silicon carbide prevents parasitic transistor effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages, nature, and various additional features of 
the invention Will appear fully upon consideration of the 
illustrative embodiment noW to be described in detail in 
connection With accompanying draWings Wherein: 

FIG. 1 is a cross-sectional vieW of a prior art UHF poWer 

Si LDMOSFET; 
FIG. 2 is a cross-sectional vieW of a SiC n-channel poWer 

lateral metal-oxide-semiconductor ?eld effect transistor 
device according to the invention; and 

FIG. 3 is a cross-sectional vieW of a starting SiC Wafer 
used for fabricating the LMOSFET device of the invention. 
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It should be understood that the drawings are for purposes 
of illustrating the concepts of the invention and are not to 
scale. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 2 shoWs a cross-sectional vieW of a SiC n-channel 
poWer lateral metal-oxide-semiconductor ?eld effect tran 
sistor (LMOSFET) 20 according to the invention. The 
LMOSFET 20 should provide better gain, linearity, ef? 
ciency and poWer density at comparable frequencies, and 
higher frequency operation than Si LDMOSFETs. 
Accordingly, the SiC LMOSFET 20 can replace Si LDMOS 
FETs in UHF transmitters at 2 GHZ and extend the trans 
mission range up to at least 4 GHZ. 

Referring to FIG. 3, the LMOSFET 20 is fabricated from 
a SiC Wafer 22 that comprises a highly doped n-type SiC 
substrate 24 (N+ substrate) With a highly-doped p-type 
epitaxial SiC layer 26 (P+ epilayer) groWn on top of the N+ 
substrate 24, and a lightly-doped p-type epitaxial SiC layer 
28 (P- epilayer) groWn on top of the P+ epilayer 26. The N+ 
substrate 24 is doped using in-situ nitrogen doping during 
crystal groWth to provide a sheet resistance as loW as about 
0.02 Q/sq. The P+ and P- epilayers 26, 28 are epitaxially 
groWn using conventional methods such as chemical vapor 
deposition CVD. The P+ epilayer 26 is typically doped as 
high as 1><1018 cm'3 using aluminum or boron incorporation 
during epitaxial groWth and its thickness is selected to be 5 
times that of the diffusion length of electrons in this layer 
Which is usually less than a micron. The thickness and 
doping of the P- epilayer 28 are selected according to the 
desired electrical breakdoWn voltage of the LMOSFET 20. 
The P- epilayer 28 is also doped using aluminum or boron 
incorporation during epitaxial groWth. 

Referring again to FIG. 2, the LMOSFET 20 includes a 
lightly n-doped drift region 30 and highly n-doped source 
and drain regions 32, 34 formed in the top surface of the P 
epilayer 28. A highly n-doped sinker region 36 is formed in 
the P- and P+ epilayers 28, 26. The sinker region 36 grounds 
the N+ substrate of the LMOSFET 20. A highly p-doped 
region 38 (P+ region) is formed in the top surface of the P 
epilayer 28 betWeen the source and sinker regions 32, 36. 
The P+ region 38 provides ohmic contact to the P- epilayer 
28. 

The drift, source, drain, sinker and P+ regions 30, 32, 34, 
36, 38 are formed using conventional high-energy ion 
implantation methods. Once electrically activated, the 
implanted source, drain and sinker regions 32, 34, 36 should 
each exhibit a loW sheet resistance of about 200 Q/sq, and 
the implanted P+ region 38 should exhibit a sheet resistance 
of about 10 kQ/sq. 
A thin layer of oxide 40 (gate oxide) such as silicon 

dioxide is formed on the top surface of the P- epilayer 28. 
The oxide layer 40 is created using deposition or thermal 
oxidation or a combination thereof. A polysilicon gate 
electrode 46 is formed on top of the oxide layer 40. The 
polysilicon gate electrode 46 can be formed using conven 
tional silicon deposition and patterning methods. The gate 
electrode 46 extends betWeen and partially overlaps the 
source and drift regions 32, 30. Asecond thicker layer 42 of 
oxide is deposited to cover the ?rst oxide layer 40 and the 
gate electrode 46. Openings 41, 43, and 44 are de?ned in the 
oxide layers 40, 42 to open WindoWs for gate, source and 
drain contacts. The opening 44 extends doWn to the gate 
electrode 46, Whereas openings 41 and 43 extend doWn to 
the P- epilayer 28. The portion of the P-epilayer 28 extend 
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4 
ing betWeen the source and drift regions 32, 30 underneath 
the gate electrode 46, de?nes a channel region 48. When a 
positive voltage greater than the threshold voltage of the 
LMOSFET 20 is applied to the gate electrode 46, the 
channel region 48 changes from p-type to n-type due to 
inversion thereby inducing a loW resistance current path 
betWeen the source 32 and the drain 34 in the LMOSFET 20. 

Conventional metallic contacts 50, 52, 54, 56 are respec 
tively formed on top of the regions 32, 38 and 36; the 
polysilicon gate electrode 46; the second oxide layer 42; and 
the drain region 34. The contacts 50, 52, and 56 operate as 
terminals for the LMOSFET 20. The contact 54, usually tied 
to source contact 50, formed on the second oxide layer 42 
together With the drift region 30 de?ne a ?eld plate that 
increases the electrical breakdoWn voltage of the LMOS 
FET20. 

It should be noted that the present LMOSFET structure 
de?nes an additional parasitic NPN transistor 58 (shoWn 
schematically in FIG. 2) betWeen the drain region 34 and the 
substrate 24. The P+ epilayer 26 operates as a buffer layer to 
ensure that this parasitic transistor 58 does not turn on. 

While the foregoing invention has been described With 
reference to the above embodiment, various modi?cations 
and changes can be made Without departing from the spirit 
of the invention. Accordingly, all such modi?cations and 
changes are considered to be Within the scope of the 
appended claims. 
What is claimed is: 
1. A poWer lateral metal-oxide-semiconductor silicon 

carbide ?eld effect transistor (LMOSFET) comprising: 

a ?rst silicon carbide semiconductor layer having a p-type 
conductivity; 

n-type source and drain regions implanted in the ?rst 
silicon carbide semiconductor layer; 

an insulated gate electrode formed on the ?rst silicon 
carbide semiconductor layer, the insulated gate elec 
trode de?ning a channel region therebeneath in the ?rst 
silicon carbide semiconductor layer; 

source and drain electrical contacts formed on the ?rst 
silicon carbide semiconductor layer, and a gate electri 
cal contact formed on the insulated gate electrode; 

a silicon carbide semiconductor substrate having an 
n-type conductivity, the silicon carbide semiconductor 
substrate supporting the ?rst silicon carbide semicon 
ductor layer; 

a second silicon carbide semiconductor layer having a 
p-type conductivity, the second silicon carbide semi 
conductor layer being heavily doped and disposed 
betWeen the silicon carbide semiconductor substrate 
and the ?rst silicon carbide semiconductor layer for 
preventing parasitic transistor effects; and 

a sinker region having an n-type conductivity implanted 
in the ?rst and second silicon carbide semiconductor 
layers, the sinker region extending from the source 
electrical contact to the silicon carbide semiconductor 
substrate thereby grounding the silicon carbide semi 
conductor substrate, 

Wherein the silicon carbide semiconductor substrate has a 
sheet resistance of about or less than 0.02 ohm/sq. 

2. The poWer LMOSFET according to claim 1, Wherein 
the ?rst and second silicon carbide semiconductor layers are 
epitaxial layers. 
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3. The power LMOSFET according to claim 1, further 
comprising a drift region having an n-type conductivity 
implanted in the ?rst silicon carbide semiconductor layer 
adjacent to the channel region and the drain region. 

4. The poWer LMOSFET according to claim 3, further 
comprising an electrically insulated ?eld plate disposed on 
the ?rst silicon carbide semiconductor layer and above the 
drift region. 

5. The poWer LMOSFET according to claim 1, further 
comprising a heavily doped p-type region implanted in the 

6 
?rst silicon carbide semiconductor layer adjacent to the 
source region, the heavily doped p-type region electrically 
coupling the ?rst silicon carbide semiconductor layer With 
the source contact. 

6. The poWer LMOSFET according to claim 1, Wherein 
each of the sinker, source and drain regions has a sheet 

resistance of about or less than 200 Ohm/sq. 


